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Abstract

Jnce successfully used, mature (empirically proven)
rechnologies are rarely diffused (remarketed and used) on
zubsequent systems. One of the greatest barriers to the
diffusion of technology is a lack of widespread awareness
that a technology exists. The objective of this research
was to identify technical communication barriers and
opportunities, as perceived by selected Air Force Systems
Command (AFSC) and Logistics Command (AFLC) engineers, that
affect the diffusion of technologies into their
organizations., A survey of 86 selected AFSC and AFLC
engineers was conducted in support of the above obiective.
Overall, the results of the study support the findinas of
previous research. Recommendations are offered to help
improve the widespread awareness of (and hopefully the
subsequent use of) mature technologies by defense

endgineering organizations.




PERCEIVED BARRIERS AND OPPORTUNITIES TO
ENGINEERING TECHNICAL COMMUNICATION
IN SELECTED AIR FORCE ORGANIZATIONS

I. Research Problem

Introduction

The scarcity of acquisition furnding, coupled with
stringent Air Force Reliability and Maintainability (R&M)
2000 goals, demands that successful (mature) technologies be
exploited as much as possible. However, once successfully
used, technologies are rarely diffused (re-marketed and
used) on subsegquent systems (2; 39). A 1974 study by the
Federal Council for Science and Technology noted that ''the
practice of adapting technology to a secondary use is
outside the laboratories’ mission responsibility and is
frequently lacking or not developed'" (25). A possible
reason for the slow movement of technology might be
insuf{i.lient technical communication and information-seeking
hehavior with sources external to the organization. The Air
Force Coordinating Cffice for Logistics Research (AFCOLR)
aponsored this ressarch intc the problems of technology
diffusion in an effort to increase the use of mature

technologies,




A major study area of technology diffusion concerns the

movement of technology from the laboratory to an 1initial

application-- this is called technology transition. The

area of technology *transition has received much attention in

the last ten years (12; 17; 21; 36; 40; 51). This paper

does not purport to examine this avenue of technology ¢
movement and associated communication factors per se;

instead it attempts to examine the methods of information

exchange that program engineers use to seek information on

mature {empirically proven) technologies for problem solving

purposes.

A literature review and discussions with AFCOLR
personnel have resulted in the identificalion of many
potential barriers to technology diffusion (2; 22); however,
one of the greatest barriers 1s simply a lack of widespread
awareness that a technology exists or knowledge of its risks
ard benefits, Rogers and Brown believe that an important
relaticnship exists between the smount c¢f widespread
krnowledge about an innovation and its rate of adoption (8B:0;
41:2355. D2gers adds that the existence of eftective
communication networks within a society results in faster
rates of diffusion and adoption' (41:236} than within
societies with limited communication networks. He guotes

the results of five separate studies that support this

n

asszsertion (41:235). Liker and Hancock conclude from their

studies that a lack of time and information are the two most




@
—r
rt
O
[§]
s
v
<
W
3
@
%]
i3]
O
r
W
3
W
()
O
Pﬂ

serious barriers to the engineering
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Logistics Command tAFLC: have the ability to incorporate

ternnn:0gdy 1nto systems in development or production.
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Research Objective

The objec*ive af this res=arch 13 %0 pdentity “=rnnl -,
comuwuniTatlion barriers and opportunitles, as percelived oo
selected Alr Farce JSystems Command and Logistics ommarnd
ernainecy s, trnat affect the Aiftfusion of mature technoioales
from external sources into thelr organizations.
Investigative Questions

Three guestions were addressed as follows:

Investigative Question 1, What 1is tne trequency ot nuse
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anl perceived importance of intormation sources and channeis




used by Air Force enagineers when they seek technical
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investigative Question 3, What communicaticn
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rnance the diffusion of mature technolcgles into anad out oI
2lr sryanlzationai units”?
thodology
JAMPLes 07 enJineers [rom two Sources were shtualed .
Jivieers witnin an Aercrnautical Systems Divizion AT
3t em Frogram Jtfice of Alr Force Systems < ommand a-“
iugnt-Fart*erson Air Force Base, and (29 engineers within a
rrmer-P?obhinz: Alr Logistics Center (WR-ALC) Cystem rroject
t.re a* Robins Alr Ferce Base, A two-case study approacn
= uzed to5 compare the respective barriers perceived by
Jineer:z from each organization,
A zurvey guestlonnaire was administer=d to a1 ~enczus ot
Tirewrl witrnin sr3anizatlion, to determine their
*rmar i on-zesking behaviors and their perceived barriers
Cennc . communtioation. The survey listed Triteria thnat :
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Investigative Question 2, What communication barriers




respondents were also able to suggest other conditions rthey
perceived as parriers, Hypothesis tests were uzed -
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Limitaticns

TMig rescarch dil not consider the “ecnniza:

communloation involved when ftransitioning a new unpr ve
tsonnology from 2 researcn rabeoratory to oan o 1nitial oor
"first wuse application. Only communications trna® abfeo-
tne appllcation of mature technologlies were considered
M>+uure tecnnoicgies are defined as thaose technoliaiez g
4r= now used in fielded systems or technoioglesz that rave

t.e2., eftftorts tfunded by category H.4 Engineering
Develspment ftunds [ASD] or Class IV Modification BP 10 anz
15 zeries, and Sustalning Engineering EE/TC 583 [WhR-ALC
tunds) Due to the unique blend of military and civiita:
endineers within the selected ASD and WR-ALJC program ot -=s

anr rtrne thezsis emphasis on mature technologies, trne ragier
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saoisd not statistically inter the results beyornd e
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logically infer the results of this research cautiouzly to

other defense organizations.




II. Review of Literature

Introduction

The review of literature begins with examples of the
technical communication problem, followed by the definition
ot technology diffusion and its relationship tec technical
communication. A brief discussion of the selected
communication model and associated factors, as well as the
perceived barriers that affect information flow, is

presented.

The Problem

Many reasons exist for studying the barriers to
communication and their effect on the movement or transfer
of technology. A major concern i1s that of ensuring combat
capability. Padula notes:

Why did it take the Air Force over 14 years to accept a
technology that provides leak-free hydraulic fittings?
There were 350,000 of these fittings flying on Navy F-14
aircraft, for 14 years-- with no leaks. This
performance 1s even more impressive when you consider
that these fittings were exposed to both the stresses of
a fighter environment and corrosion problems of the salt
spray on a carrier. The implications of this Air Force
"oversight' are tremendous 1in peacetime, but could be
critical in wartime. . . . It was by chance that the
Air Force even discovered this technology. . . . (39:1)

The hydraulic coupler technology was eventually
dizcovered by the Air Force during a 'Blue Two’' visit (an
effort to bring system developers into contact with organic

system maintenance personnel) sponsored by AFCOLR. As a




result of their efforts, this technology is now used on the
Bl-B and C-5B aircraft. The primary reason for the slow
diffusion of this technology 'vas apparently a simple lack of
awareness -- a problem in technical communication.

One would think that good ideas would sell themselves,
Unfortunately, this does not often happen. Rogers
illustrates this point by discussing the efforts of the
British Navy to combat scurvy (41:7). Apparently, on long
voyages, scurvy was the biggest killer of ship personnel.
Rogers notes that although an Englishman conclusively
demonstrated in 1601 that citrus fruit cured and prevented
scurvy, the British Navy did not conduct their own tests
until almost 150 years later. Indeed, the Navy did not
adopt this innovation until 1795, Rogers lists several
possible reasons for the slow adoption of citrus, including
competing remedies for scurvy and a lack of prestige of the
researchers (41:8). He does not include an estimate of the
number of men who must have died of scurvy during the 194

years required to diffuse and adopt this knowledge.

Background

Any research on information transfer must recognize that
not all information is obtained in a deliberate manner.
Salasin and Cedar are careful to caveat their communication
research with the fact that information is often stumbled
upon in unexpected, inadvertent ways (43:4). They conclude

that the occurrence of an exchange of information 1s often

o




triggered by the simple availability of information (43:62) .
A good example of this is the Air Force engineer’'s chance
discovery of the Navy’s hydraulic coupler technology

previously mentioned.

Technology Diffusion

Technology diffusion (also called technology transfusion
by AFCOLR) is ''the process by which an innovation is
communicated through certain channels over time among the
members of a social system' (41:10). Rogers notes that
"diffusion 1s a special type of communication, in which the
messages are concerned with a new idea' (41:6). The concept
of a new idea implies that risk is involved -- risk is
identified in many studies as a principal barrier to
technology transfer because of management cost and schedule
constraints (12:32; 40:10). However, Cormier and Salvucci
contend that a balancing conflict is necessary among cost,
schedule, and technical excellence (12:122; 32:21).

For military systems development purposes, Padula
defines technology transfusion (diffusion) as the
“"beneficial horizontal movement of technology to one or more
systems after its initial application' (39:2). Therefore
the concept of risk is minimized because empirical data 1is
available from the "proven' first application of the
technology.

Stewart attempts to distinguish between the meanings of

technology '"'transfer' and technology ''diffusion’ by stating




that commercial firms wish to encourage '"'diffusion' or
widespread use of a technology-related product, while at the
same time restricting the '"'transfer’ of the understanding of
the technology itself (47:72). Others (13; 32; 38; 41) do
not distinguish between the terms. Although Stewart’s
distinction between use and understanding is wvalid (26:63) ,
the terms ""diffusion' and "transfer' are used

interchangeably in this author’s research.

Technical Information

The explosion of technical information in our society
today 1s well-documented (4; 17; 50). Allen notes:

The tremendous increases in recent years 1in the amount
of research and development performed in the world has
resulted in a concomitant increase in the amount of
information to be communicated, presenting the user with
the difficult problem of plowing through a morass of
available information to reach the information pertinent
to his problem. . . . The technologist must obtain his
information either through the very difficult task of
decoding and translating physically encoded information
or by relying upon direct personal contact and
communication with other technologists. (4:5,7)

A logical point to initiate discussions of technical
communication is to posit a model that represents the flow
of information. This researcher selected a simple model
used by Berlo (23:59) and modified by Jolly and Creighton
(27:21). This model is selected due to the emphasis that it
places on the user end of technology transfer (34:16). User

emphasis 1is important because the thesis focus of mature

technologies infers that a direct sponsor-user link does not

10




normally exist, as it otherwise chould in transitioning
technologies (12; 36).

The model has three parts: a source, which feeds
information through a channel to a receiver. Jolly and
Creighton present a list of intrinsic (formal) and extrinsic
(informal) factors that affect the flow of information from

source to receiver (34:20). McCorkendale states:

The "intrinsic' factors are easier to conceptualize and

are objectively measurable. They deal with mechanics
and procedures used to index, store, retrieve and
disseminate information. The "extrinsic' factors deal

with interpersonal communications, personal feelings
about a knowledge source, and perceptions about one's
organization, supervisors and peers. (34:17)

Intrinsic Factors

Intrinsic factorsvinclude information documentation,
distributiun, the receiver organization, and the nature of
the project (34:26-30). The project factor is concerned
with the transition of technology from research to an
initial application and therefore will not be discussed.

Documentation, Documentation refers to how information

is defined, organized, and presented. Two additiocnal
variables -- language and format—-- relate directly to the
ease of use of the information (34:21). Engineers often use

language that is not universally understood by persons
outside their own organization (4). McCorkendale notes:

. .often an area will be very well documented, yet
not be well documented for transfer. . . . information

can be expressed in many ways, each understandable or
useable to a different group of people. If research

documentation 1is in a form understandable by the

11




perceived potential users, then the chance for eventual
utilization of that information may be greatly enhanced.

(34:22,24)

A major problem of documentation is that professional
literature can inhibit the transfer of technology. First of
all, symbolism can vary between organizations, as noted
above., Second, Allen argues that engineering professional
literature 1s often written in a scientific format that 1is
"'utterly incomprehensible to the average engineer' (4:73).
He illustrates this by stating that the journal articles
""often rely upon mathematical presentations, which can be
understood by only a limited audience' (4:73). He adds that
""nmo efforts are made to interpret or translate tne material
into a form that the average practicing engineer can
understand or use'' (4:73).

Allen is not attempting to criticize the mental capacity
of the average engineer. He merely points out that many
engineers have been away from an academic environment for
ten years or more, and are not required to use the levels of
mathematics and physics in their daily activities that are
shown in many Jjournal artiéles.

A second problem lies in the area of maintaining and
expanding written technical information. This derives from
what 13 commonly known as the fundamental nature of
technology (4:39; 5:695; 43:7)., This concept posits the
idea that scientists (pure researchers) are more apt to use

and add to written information sources than engineers

12




{people who apply technology). Allen points to the fact
that publication often serves as the embodiment or
culmination of a scientist’s work... while an actual
physical produc: is more often the result of an engineer’s
efforts (4:40). Therefore engineers ars .Less likely to
either document or read of the ocutcome of a technological
accomplishmenc than are scientists.

In an effort to document the availability of mature
technologies, AFCOLR/TT has initiated a newsletter program
of ""TechTIPs" designed to enhance awareness of mature
technologies. Each TechTIP contains a brief description of
a technology, its benefits and drawbacks, and a point of
contact (3),

A third problem concerns ownership of technological
documentation. Some defense weapon systems are acquired by
the government without associated data rights. 1If a
commercial firm has developed the technology in question,
then firm rights—-in-data restrictions may prevent the
government from disclosing the technology to other
Jovernment agencies unless the government has purchased the
rights-in—-data. These rights often represent a firm’s
“"bread and butter,' and as such, can be prohibitively
expensive., A related problem is the issue of government
security restrictions—--- unclassified technologies, when
associated with highly classified systems, can become

classified themselves (25) .

13




Distribution, Distribution refers to the channel
through which information flows (34:24) . Chakrabarti et al.
define a channel as '"'the means by which an information
package 1s moved from one point to another' (9:84). They
note that channels can include peopie, organizations, and
technological mediums. Some forms of information
distribution channels are telephones, mail, television,
r~dio, libraries, information specialists both within and
outside of the organization, and workshops or seminars.
Indeed, one WR-ALC organization hosts bi-weekly meetings
with local contractors in an effort to disseminate technical
intormation among contractors and the Government (6),

An additional distribution form is the movement of
peocple through job reassignment or temporary labor (34:25).
People who change jobs often diffuse new ideas and
technologies (83:27; 30:49). Recognizing this, some
organizations have initiated personnel rotation policies
within the various departments of their firms (33:17) .

Sonrece and channel accessibility are a key measure of
the capebility of a distribution system (49:68) .
McCorkendale notes that distribution does not truly occur
unless the information has been received and understood
(34:24). The barrier of capacity limitations of the
receiver to receive and process the sheer volume of
available information is well-documented (4). One form of

diztribution that is becoming increasingly popular as a

14




solu.ion to the information explosion is computer databases
(34:25). These include federal data bases such as the
National Technical Information Service (NTIS) and the
Defense Technical Information Center (DTIC), and commercial
data bases such as Lockheed’s Dialog system. Database
systems have numerous benefits, including enhanced exchange
of technology through greater access to information from a
wide variety of sources, and the ability to filter relevant
information from the tremendous volume of information
available (24:106). DTIC’s Current Awareness Bibliography
service provides biweekly bibliographies of new technical
report acquisitions related to user-specified areas of
interest, to any defense engineer who wishes to subscribe,
However, Hubbard reports that in a study of some 900G Army
engineers and scientists, only 213 subscribe to the service
(24:111) .

Computer databases have their snare »f problems. For
example, although Department of Defense (DoD) Directive
3200.12 requires that DoD components submit technical
reports and summaries of ongoing efforts to DTIC (S0O»,
database personnel report that they continually have
problems obtaining state-cof-art information. A federal
study in 1975 of the Defense Documentation Center what 1is
now DTIC) concluded that ''the identification, lo~ation, and
*he mechanisms for attaining such informaticn 1n printad

torm were the greatest obstacles to a smooth flow ot defense

15




tecnnical information' (15:25). A 1985 study of DTIC use by
Army research and development engineers reached similar
conclusions (24:108) .

A second reason for the difficulty of using computer
databases involves the ways that intormation is added to and
organized within the databases. A potential user often must
use a system of keywords (descriptors) to identify the area
of required information within a given database. A
communication problem then occurs when the keywords have
different meanings for different users (4:7; 26:63). Indeed,
anyone who has attempted to use a computerized information
retrieval system would probably attest to the amazing
variety of information cobtained under what would appear to
be a '""universally defined" keyword.

A third problem concerns the delays for receipt of paper
ccpies of documents ordered from database services. These
delays sometimes consume weeks or months between reguest and
receipt of documentation (24:10%9). The delays are
attributed to constrained database service budgets, user
reliance on paper reproduction done by the database service,
and lack of user on-line document printing capabilities
(24 :110) .

Cormier and Salvucci report that contractors are a
fundamental element 1in the movement of technologies

r12:102) . They note that the contractor forms a third party

loop for aszsisting the transition of emerging technologies

16




from the laboratory to a product division (12:121). One
could presume that the contractor may also play an i1important
role in the movement of mature technologies.

Organization, The receiver’s organization can impact
the flow of technical information. Triscari notes:

"Different crganizational designs have developed with

distinct characteristics and different efficiencies for

s
%]

rocessing intormation' (43:67). He rcites a study by Burns

o
O

and Stalxker that shows information flow within mechanistic
thiahly formalized) structures 1is more restricted than
informatinon flow within organic t(relatively intformal)
arganization structures (49:66-57)

The nature of an organization’'s reason for exlstence and
assocliated resistance to cnange 1s often cited as a primary
organization barrier (d4; 2zZ6; 2z 41, Colnnel Grapes’

mention of AFLC ALC emphasis on system production :as

compared to AFSC emphasis on development) inters that “ne

il

motivation for personnel to dedicate themselvez to improv

system quality through technolngy is limited (2:271.

McCorkendale quotes a study by Schon that claims that

it

organizations are constantly in a state of change contlic

Ailtnough most organizations are continuously changing in

>
L

D
9]

ponze tao environmental stimuli, each advocate of chang

0

feels obligated to behave as though the changes he
introduces will be the last (34:26) . The nature and extent

17




of the organizational conflict involved can either encourage
innovation or reject change.
Mclorkendale notes that the manager must carefully

monitor the degree to which information flow is facilitated

-
(D
[oN

ar bleoc at various points 1n nis organization, and

recognize the reward systems which motivate or prevent th

D

fiow of information 34:27)

st and schedule constraints placed on the organizdtiaon

.an ninder the movement of technologies. Cormier and
Jaivuoccl refer to a study by Spurrier that showed that tns=
znrr--term orientations of key decision makers were barriers
“C trne zucoesstul transition of technology (12:104:
Extrinsic Factors

Extrinsic fazctors include receiver capacity,
Ja* ereepers, caourctwe credibility, perceived rewards, and
wli.lngn2sz £ atcept change,

Capacity, ‘apacity retfers to the ability of an
.r3anizition o acce2pt and use new or innovative ideas

42l . Modosrrkendale notes that research in this area has

primarily on personality Ltraits and behaviors or

individuals wno exhibit 'early adopter”’ tendencies of new
{ieaz o 34: i . He mentions several personal attributes
Lncauding Csocilal status, years of education, amount ot

wtsiqde communicat:ion, venturesomeness, professional status,

“ominance, and zo

]

razality’ v sd 30y that are positively

1"




related to innovativeness.
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Gatekeeper activity is particularly vital as a means of
external communication if one accepts the premise of the
""law of least effort" (20:277). Several studies have shown
that most people are more likely to choose an information
source based on ease of use than on the amount or gquality of
expected information (20; 42; 43:100). In other words,
information seekers are said to choose the path of least
resistance. Salasin and Cedgr cite a number of studies when
proposing that engineers attempt to maintain knowledge and
learn of new technologies mainly through oral communication
with other engineers within the organization. Indeed, their
own research tended to support this claim (43:99 . It 1is
usually easier to ask someone for a problem solution than 1t
is to attempt to research literature. Following this line
of tnought, it is easier to ask someone 1in one’'s own
nrganization (regardless of that person’'s expertise) tnan it
is to attempt to locate a person with relevant knowledge in
an external organization (43:100).

David and Cochran discucs the concept of a communication
isolate, They state that isolates ''inhibit effective
communication in an organization by failing to process and
transmit information' (14:167). They argue that management
should understand and be aware of both gatekeepers and
isolates, and that effective management of these phenomena

could enhance information flow into and within the

organization (14:166) . However, Fischer argues that the




""gatekeeper has evolved without manager intervention'
(19:83), and that managers should therefore engage carefully
in attempts to deliberately stimulate gatekeeper activity.

Source Credibility. Credibility refers to a receiver's

perception % the reliability of a socurce of information
(34:36). Creighton adds that source credibility is vital--
a source without status is not likely to be perceived as a
source at all (13:75). McCorkendale argues that a person
must contend with many sources and channels of information,
and that how he and his organization react to the source
depends on his and his organr:zation’s perception of the
source credibility (34:38).

Reward. Reward refers to the perceived and actual
recognition of innovative behavior within the individual’s

organization (34:38). Rewards can be distinguished by two

Q

ategories: formal rewards such as salary, cash bonuses,
recognition and promotion; and informal rewards such as
increased responsibilities and opportunities (34:39),
Rewards can be negative. If a person tries to innovate
and fails, that person may be censured or even lose his job.
In this case the reward is not to innovate, but to do
nothing (34:39). Jung notes that a lack of reward for
successful innovation can be a barrier to technology
diffusion, due to lack of management encouragement (28:24) .
Cormier and Salvucci argue that perceived risk is a maijor

dizincentive for considering new or different technologies:




.the primary pressures on system program offices
are to meet acquisition schedule and cost goals., There
is little pressure (reward) to increase the performance
of a system. . . . the incentive/reward system is an
important factor in whether an individual will utilize
new technology. (12:102,104)

McCorkendale refers to a study by Deci that indicates
that informal rewards often are a more effective motivator
than tormal rewards (34:39). Similar rewards are perceived
differently by different people. The outcome is that
managers must understand the reward system as it 1is
perceived by the individuals in their organization before

the rewards can truly serve to motivate behavior (34:39) .

Willingness. This element refers to an '"'individual’s

ability and desire to accept innovation or change in the
organlzation where he works' (34:40). This researcher
modified this factor to consider the individual’s propensity
to seek information to provide new or different approaches
to his work. As noted earlier in this paper, people often
follow a ""path of least effort' when seeking information.
This effort can relate to either physical or psychologic;l
costs (20:277). Physical costs can be measured in terms of
channel accessibility and ease of use (20:272), while
psychological costs involve '"'a revealing of ignorance on the
part of the engineer among his peers'' (19:72).

A manager’'s principal method for combating the "path of
least resistance"” is through the organization’s reward

system (12:104; 34:40).




One of the principal barriers to the diffusion of mature
technology is a simple lack of awareness-—- a problem of
communication. Problems in communication can be traced to
barriers that exist within the various intrinsic and
extrinsic factors that coristitute the source-channel-
receiver model of communication flow. Documentation
problems include nonstandard symbolism, the problems orf
understanding some professional literature, and a reluctance
of engineers to read about or document their technical
accomplishments. Problems in distribution include
information overload and limited information accessibility
based on difficulties of using automated databases,
security, and rights-in—-data restrictions. Other problems
include organization priorities that limit innovation,
capaciiy constraints, limited gatekeeper encouragement,
isolate behaviors, and a lack of source credibility.

Rewards are likely to be ineffective unless management
understands the organizations’ perceived reward system. The
path of least resistance phenomenon seems to hinder an

individual’s willingness to seek technical information.
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III. Methodology

This section describes the methods used to collect and

analyze data obtained in support of this research.

Criteria_ for Data Source

The data source for this study was comprised of a census
of 86 08XX (civiliun) and 28XX (military) engineers
affiliated with selected Aeronautical Systems Division (ASD)
and ¥arner Robins Air Logistics Center (WR-ALC) program
offices. Both organizations are responsible for the same
overall weapon system. WR-ALC is responsible for the
maintenance and upgrade of the operational components of the
system, while the ASD program office is responsible for
developing a new version of the weapon system. The two
organizations were chosen because a) both organizations
share similar engineering opportunities and product focus,
b) both organizations have a fairly consistent mix of
engineering specialties [systems engineers, electrical
engineers, and aerospace engineers, for example], and c) the
sample sizes represented by the engineers within the two
organizations made statistical calculations manageable.

The two organizations were selected for convenience
purposes. The exploratory nature of this research did not
warrant the costs and time required to obtain random samples

of all Air Force 3Systems Command (AFSC) and Logistics
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Command (AFLC) engineers. The results of this research
would determine whether further research was justified,
using a true random sample of all AF3C and AFLC weapon

systems engineers.

Method of Measurement

A survey, developed using portions cf existing
instruments (7; 24), was administered to the census of
engineering personnel from the ASD and WR-ALC organizations.
A survey approach was chosen for this research primarily
because there was no data otherwise found to be available
for answering the investigative questions; data had to be
collected. Experimentation was clearly not an option as
control of individuals’ education, experience, and
communication behavior would have been required. Objective
measurement of technical communication activity (via direct
observation by the researcher) was deemed to be impractical
due to researcher time and cost constraints, leaving survey
measurement of perceptions aqd opinions as the only
reasonable data collection technique. Because of the desire
to survey both ASD and WR-ALC engineers and the limited time
available for data collection, mail questionnaires were
chosen over personal interviews as the preferred survey
approach,

Required actions were as follows:
1. The list of proposed barriers (derived from the

chapter 2 literature review) was reviewed with eleven
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selected engineers from ASD and WR-ALC as a content validity
check of the selected barriers, The military (Major and
above) and civilian (GS-12 and above) engineers were chosen
from a variety of engineering specialties representative of
the population to be surveyed. The eleven engineers were
asked to provide expert opinion on the proposed survey
information sources and technical communication criteria.
The pre-survey is shown in Appendix A,

2. A pretest of the survey instrument for readability
and format was done on seven selected ASD engineers.

3. The survey instrument (shown in Appendix B) was
submitted for review and approval by Headgquarters, Military
Personnel Center.

4, The approved survey was delivered in person to
engineers within the ASD program office. A point of contact
at WR-ALC delivered the survey to WR-ALC engineers. This
approach helped to maximize the response rate within both
organizations. The results were designed to assure
anonymity to both the respondents and their respective

organizations.

The researcher initially considered a parametric
analysis of variance approach for statistical calculations.
The applicability of parametric statistics are contingent
upon the following three assumptions (18:358) 1) the

observations should be independent and randomly drawn, 2)
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the observations should be from normally distributed
populations, and 3) the populations should have equal
variances. The first assumption was not met. The sample
data was obtained via non-probabilistic means as explained
in the "Criteria for Data Source' section above. Secondly,
assessments for population normality [using the personal
camonter STATISTIX program Wilk-Shapiro statistic (45:391-
611)1, did not present satisfactory evidence that the
population characteristics were normally distributed.
Thirdly, the assumption of equal variance proved suspect
after a Hartley’s test for variance homogeneity was
conducted on the perceived barriers (37:416)., Based on the
above factors, a non-parametric statistical approach was
used for data analysis.

Investigative Question 1. This question addressed the

frequency of use and perceived importance of sources and
channels that engineers use to seek technical information.
Potential information sources for the survey were derived
from those found in the literature review (7):

1. Internal formal sources —-- to include organization
reports, department memorandums, and formal scheduled
meetings (survey question 9) .,

2. Internal informal sources -- to include informal
conversations with superiors, subordinates, and peers, and
informal meetings (survey question 11).

3. External formal sources ~- to include professional
journals, trade magazines, technical publications,

g ernment and contractor reports, schools, and professional

anc trade association meetings (survey question 10).

4., External informal sources —-- to i1nclude informal
conversation with contractors, peers from other
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organizations, and professional society contacts (survey
question 12).

Fach resmondent ranked the perceived importance and
frequency of use of each item within the four sources on a
five-point scale, and was able to list additional i1tems that
were not found within the four listed sources on the survey.
A composite score for each of the four sources was
determined by averaging the response to each item listed
under the four sources.

Wilcoxon Rank Sum tests were conducted to compare source
frequency of use within three principai demographic
characteristics, including a) organization -- WR-ALC versus
ASD, b) years of government service -- less than fifteen
years versus fifteen or more years, and c¢) education —--
those with undergraduate degrees only versus those who had
completed graduate level coursework. This approach was then
repeated for source perceived importance comparisons. The
analysis results are shown in Appendix C.

The Wilcoxon Rank Sum test provides a means of comparing
two population distributions. A null hypothesis of né
difference between the two distributions is posited, and a
test statistic is calculated from the sample popultation
data. If the test statistic exceeds a critical value (based
on a selected alpha confidence level), then the null
hypothesis is rejected and an alternate hypothesis (that a
significant difference exists between the two populations)

13 accepted,




The overall alpha (probability of committing a Type 1
error) was set at 0.1. Since the Wilcoxon Rank sum tests
were to be repeated for each information source, the
application of a 0.1 alpha to every test would have resulted
in the overall probability of Type 1 error for each set of
four hypotheses being larger than the 0.1 value set for each
individual test. Therefore, the Bonferroni method of
dividing the overall alpha by the number of proposed tests
(35:147) was used to calculate individual alpha levels of
0.025 for each test. The fairly large (e.g., 0.1) overall
alpha was used because the Bonferroni technique controls
Type 1 error, but does not control Type Il errors well
(meaning that some significant differences could be masked).

Because the Wilcoxon Rank Sum test does not indicate the
magnitude or direction of differences between two
populations, when differences were detected, the averages
(means) of the populations were compared to assess how the
populations differed.

A Kruskal-Wallis nonparametric single factor analysis of
variance (ANOVA) at a 0.1 alpha was then used to determine
whether significant differences existed between the overall
frequency of use of each of the four sources. A second
ANOVA was usa2d to compare the overall perceived importance
distributions of the four sources. If the Kruskai-Wallis
tests indicated that significant differences existed, then

further Kruskal-Wallis tests were conducted to determine




which of the four sources were different (1:183; 11:259).
The Kruskal-Wallis test is an extension of the “ilc:xor Rank
Sum test, and is used to analyze two or more independent
distributions simultaneously (11:256).

The extent of gatekeeper activity and database use as
external channels of information were determined.
Gatekeeping activity for each individual was measured using
a four—-item construct (16) based on the monthly frequencies

reported by respondents of:

1) The number of scientific and technical journals
read (survey question 10b.).

2) Instances of seeking technical information from
people outside of the organization (survey question 12).

3) Instances of providing technical information -o
people within the organization (survey question 13).

4) Instances of providing technical information upon
request to people outside of the organization (survey
question 14) .

The gatekeeper questions were based on a five-point scale.
Overall gatekeeping activity within each of the two
organizations was obtained by averaging the individual
scores for each organization. A Wilcoxon Rank Sum Test at a
0.1 alpha was used to compare the gatekeeper activity within
the three demographic characteristics.

Database use information was collected using gquestions

derived from the Army survey of DTIC (24). Database use was

t Vit

assessed based on the frequency of ''ves' responses to the
survey question 15, for both WR-ALC and ASD. Survey

question 16 addressed reasons why some respondents did not
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use database services. The results were reported based on

the frequency of response to each potential reason.

Investigative Question 2. This question addressed the
perceived barriers that impede access to sources of
technical information external to one’s organizational unit.
Criteria that the literature review revealed as potential
barriers were listed in Part III of the survey. The wording
of each barrier was presented 1in a neutral fashion, and the
tive-point scale endpoints allowed the choice of each
criterion as a facilitatur or barrier. This was done to
minimize survey bias (the distortion of responses in one

direction) . Each respondent ranked the perceived magnitude

of each criterion (as a communication facilitator or

]
[
0]
t

barrier) on the five-point scale, and was able to
additional criteria that were not on the survey.
Wilcoxon Rank Sum tests were conducted to make
comparisons of each barrier within the three demographic
characteristics (organization, years of government service,
and education). Since the Wilcoxon Rank Sum tests were to
be repeated for each barrier, the Bonferroni approach was
used to adjust the overall 0.1 alpha by dividing the overall
alpha by the number of tests (fourteen), resulting in
individual 0.008 alpha coefficients for each test. When
differences were detected, the averages (means) of the
populations were compared to assess how the populations

differed.




A Kruskal-¥Wallis nonparametric single factor ANOVA was
then used to indicate whether significant differences
existed between the overall mean response populations feor
each barrier. If the Kruskal-Wallis test indicated that
significant differences existed, then further Kruskal-Wallis
tests were conducted to determine which of the populations
were different (1:133; 11:259) .

A Spearman rank correlation was done to determine
whether associations existed between the perceived barriers
and the frequency of use/perceived importance of each cf the
four information sources. This research was not structured
as an experiment, and therefore one could not claim
causality, should significant associations occur.

Investigative Question 3. This was an open-ended
question that asked the respondents to indicate
opportunities that would enhance communication with sources

external to thelr units. This data was reported in terms

of frequency of each response.

The reliability of the survey instrument was
strangtnened by using questions obtained from existing
instruments for a) sources of information (7)), b) autonated

database use (24, and c) gatekeeper activity (186) .

s

Content validity of the sources of information and
proposed barriers (in an Air Force technical communication

settings were aszsessed by obtaining expert opinion trom

)
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Therefore, the results of this research are presumed valid
primarily for the population 1n question. The validity of
these results should be considered carefully when applying
them to other populations.

Rogers has gquestioned the wvalidity of the one-shot
survey as a valid measure of the behaviors related to rthe
communication of technological information. He bases his
argquments on the element of time and the issue of causality
(41:112-114) ., He argues that the survey approach relies
heavily on the ability of the respondent to recall specific
actions—— but memory i1s often shown to be inaccurate. His

second point is that .survey data are unable to ancswer
many of the 'why' gquestions about diffusion' (41:114). He
recommends that research in the movement of technology
involve field experiments or case studies over time to
assess the issue of causality.

This author recommends that a follow-up survey be

administered to the same population next year to address

this i1sszue.
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IV. Results and Analysis

This chapter presents the descriptive statistics and
analysis of data collected by the survey questionnaire. The
demographic data is discussed, followed by the analysis of
each investigative guestion in the order presented in

chapter three,

Survey Response

The return percentages for the questionnaires are shown

in Table 1:

TABLE 1

SURVEY RETURN PERCENTAGES

Number Number Return
Category Mailed Returned Percentaage
Total 8s 63 73.2%
WR-ALC 34 30 38.2%
ASD 52 33 63.4%

The respondents were sorted ''ex post' by years of
federal government service (U - 14 years versus 15 or more
vears) and by educational degree (undergraduate versus
graduate cor higher) tor additional analysis. The agroup

-1

siz=23 are shown i1in Table 2.




TABLE 2

EDUCATIONAL DEGREE AND YEARS OF EXPERIENCE

Degree Number Percent
Undergraduate 21 33.4%
Graduate 42 66 .6%
Years Exp Number Percent
o-1a 3 55.5%
15 or more 28 44 . 5%

Demographic _Information

The categories of demographilic data collected included
the respondents’ supervisory status, military or civilian
status, grade level, length of Government service, time in
present organization, age, and level of formal education.

Supervisory Status, This question asked the

respondents to identify whether they were a supervisor or
non-supervisor of other workers around them. The response
distribution and percentages are shown in Table 3.

Military/Civilian Status. This gquestion asked the

respondents whether they were military or civilian. The
military/civilian distribution is shown in Table 4.
Grade Level, This question asked the respondents to

indicate their civilian grade or military rank. This

information is shown in Table 5.




TABLE 3

SUPERVISOR DISTRIBUTION

Category Supervisor % Non-Supervisor %
Total*s 10 15.8% 52 82.5%
WR-ALC** 3 10% 26 86.6%
ASD 7 21.2% 26 78.8%

TABLE 4

MILITARY/CIVILIAN DISTRIBUTION

Category Military % Civilian %

Totaltr 9 14a.2% 53 84.1%
WR~ALC** 3 10% 26 86.6%
ASD 6 18.1% 27 81.9%

**x  One respondent did not answer this question.

TABLE 5

GRADE/RANK DISTRIBUTION

Grade/Rank Total % WR-ALC % ASD %

os-9s2Lt s 6.4% 3 10% 1 3%

GS-11/1Lt S 7.9% 3 10% 2 6%

GS-12/Capt 29 46% 17 56.6% 12 36.4%

GS-13/Major 20 31.8% & 20% 14 42 .5%

G3-14/Lt Col/Above S 7. 9% 1 3.4% 4 12.1%
37




Length of Government Service, The respondents were

asked to indicate how many years they had performed

Government service. The results are shown in Table 6,

TABLE 6

LENGTH OF GOVERNMENT SERVICE

Time Total % WR-ALC % ASD %

¢S Years 17 26.9% 10 33.3% 7 21.2%
S - 10 Yr 11 17.6% 5 16.7% 6 18.2%
11 -~ 15 Yr 7 11.1% 4 13.3% 3 9.1%
16 - 20 Yr 6 9.5% 5 16.7% 1 3%

> 20 Yr 22 34 .9% 6 20% 16 48.5%

Time_in Present Organization, The respondents were

asked to indicate how many years they had worked in their
present organization {(defined as either ASD or WR-ALC). The

results are shown in Table 7.

TABLE 7

TIME IN PRESENT ORGANIZATION

Time Total % WR-ALC % ASD %

<5 Years 45 71.5% 20 66.7% 25 75.8%

5 - 10 Yr 8 12.7% 6 20% 2 6%

11 - 15 ¥Yr 4 6.3% 3 10% 1 3%

16 - 20 Yr 2 3.2% 0 0% 2 6%

> 20 1r 4 6.3% 1 3.3% 3 3.2%
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Age_Group, The distribution of ages among the

respondents in the two organizations are shown in Table 8.

TABLE 8

AGE GROUP DISTRIBUTION

Age Total % WR-ALC % ASD %

21 - 25 vrs 3 4.8 1 3.3% 2 6.1%
26 - 35 Yrs 25 39.7% 13 43.3% 12 36.4%

36 - 45 Yrs 11 17 .4% 7 23.4% 4 12.1%

46 - 55 Y¥Yrs 18 28.6% 7 23.4% 11 33.3%

> 95 Yrs 6 9.5% 2 6.6% 4 12.1%

Formal Education, Respondents were requested to

indicate their highest level of formal education. The
distribution of educational degrees among the survey

respondents 1s shown in Table 9,

TABLE 9

FORMAL EDUCATION

Degree Total % WR-ALC % ASD %
High School 0 0% 0 0% 0 0%
Bachelor 21 33.3% 15 50% 6 18.2%
Graduate/No Degree 21 33.3% S 16.7% 16 48.3%
Masters 21 33.3% 10 33.3% 11 33.3%
Doctorate 0 0% 0 0% 0 0%
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Summary of Demographic Data, Both organizations

reported similar percentages (10 - 20%) of supervisors
versus non-supervisors. Overall, 84% of the workers of the
two organizations were civilians. The grade/rank structure

within ASD was significantiy higher tunan within WR-ALC --
almost 55% of the ASD workers were G5-13/Major or above,
compared to 23% of similar grade/rank within WR~ALC. This
grade/rank differential may be partially explained by the
respondent ''length of Government service' reports --
although the length of service found within both organi-
zations was comparable up to the 15 year point, ASD had
significantly more employees who had performed Government
service (48.5% versus 20%) for more than 20 years. The

reported ''time in present organization' was similar for both

organizations ~- approximately 72% of the respondents within
both organizations had been there for 5 years or less. The
age distribution was similar for both organizations -- the

average respondent within each organization was between 26 -
35 years old. The formal education of ASD respondents was

somewhat higher than the education of WR-ALC respondents.
Although all of the respondents within both organizations
reported having at least a bachelor degree, almost 82% of
the ASD respondents reported having completed at least some
graduate level education, compared to approximately 50% for
WR-ALC. However, both organizations reported the same

percentage (33%) of masters degrees.
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Analysis of Investigative Questions

Investigative Question 1, This question addressed the

frequency of use and perceived importance of sources of
technical information. The hypothesis test for ordinal data
(Wilcoxon Rank Sum Test) at a J.1 overall alpha was applied
to the sample data (null hypothesis = no difference between
the sampled population distributions), to compare source
frequency of use and perceived importance against the three
demographic characteristics (organization, years of
experience, and level of education).

Source Frequency of Use, The overall mean frequency of

use score and the percentage of respondents using the source
less than one time per month is provided for each source 1in

columns 2 and 3, respectively in Table 10.

TABLE 10

SOURCE FREQUENCY OF USE

Source percent overall reject higher
not used mean null score

A. Formal Internal 19.1% 2.41 None N/A
Socurces

B. Formal External 38.1% 2.19 Neone N/A
Sources

C. Informal Internal 6.3% 3.38 None N/A
Sources :

D. Informal External 22 .2% 2.61 None N/A
Sources
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If the hypothesis tests indicated a significant difference
within the source frequency of use repcrted by the three
demographical profiles (ASD versus WR-ALC, 0-14 versus 1S5 or
more years of government experience, or undergraduate versus
araduate level education), it 1s so indicated in column 4,
and the group with the higher mean score is shown in column
S of Table 10. More detailed information including response
distributions is found in Appendix C.

The results showed that no relationships appeared Lo
exist between the thres demographic groups and source
frequency of use; i.e., ASD was similar to WR-ALC, etc.
However, a wide variation seemed svident between the overall
mean frequency of use of each source. Therefore a
nonparametric analysis of variance (ANOVA) Kruskal-Wallis
test was conducted to test the null hypothesis of no
difference between the population distributions associated
with each information source. The resultant Chi-Square
statistic (51.97) and associated p-value (p < .001)
indicated tgat the populations were indeed statistically
different. Additional Kruskal-Wallis tests were conducted
to determine which sources were different (11:259; 1:183).
The results showed that informal internal sources are used
significantly more often than the other three sources,
Although there were no statistically significant differences
between the mean frequency of use of the other three

sources, the fact that the mean use of formal external
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sources is lower than the others suggests that it appears to
be used the least often. These findings are consistent with
the conclusions reached by Salasin and Cedar, as noted in
chapter 2 of this paper.

Sourra Tmportance. The overall mean perceived
importance score and the percentage of respondents who rank
each source ~s only ''somewhat important' or less is shown 1in
columns 2 and 3, respectively in Table 11. If the
hypothesis tests indicated a significant difference between
the source perceived importance reported by the three
demographic profiles, it is so indicated in column 4, and
the gruup with the higher mean score is shown 1n zolumn 5 of

Table 11. More detailed information including response

distributions is found in Appendix C,.

TABLE 11

SOURCE PERCEIVED IMPORTANCE

Source percent overall reject higher
low imp. mean null score
A. Formal Internal 33.8% 3.14 Grad/Under Grad
Sources
B. Formal External 46 .7% 2.90 None N/A
Sources
C. Informal Internal 14 ,5% 3.58 None N/A
Sources
D. Informal External 45 .2% 3.03 None N/A
Sources
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The results indicate that significant differences exist
between the importance of formal internal sources perce .ved
by those engineers who have completed graduate level
coursework or degrees, versus those who have undergraduate
degrees only. The higher mean score of the engineers who
have comprleted graduate work suggests they value formal
internal sources more than engineers who have undergraduate
degrees only. ©No cther trends were evident within the
demographics and the perceived importance of each source.

A wide variation seemed evident between the overall mean
perceived importance of each source. Therefore a Kruskal-
Wallis test was conducted to test the null hypothesis of no
difference between the population distributions associated
with each information source. The resultant Chi-Square
statistic (21.28) and associated p-value (p < .001)
indicated that the populations were indeea stcatistically
different. Additional Kruskal-Wallis tests showed . at
informal internal sources are perceived to be more important
than the other three sources. The most significant
conclusion, however, is that all external sources of
technical information appear to be of less importance than
internal sources. In addition, formal external sources --
including all types of published information, schools, and
professional associations -- are used less frequently and
are of less importance than all other sources of technical

information.
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Gatekeeper Activity Comparison, Wilcoxon Rank Sum Tests

(alpha = 0.05) were conducted to compare the gatekeeping
activity within the three demographic characteristics
(organization, years of service, and education). The null
hypothesis for each of the three tests was that no
difference existed between the two populations. None of the
tests resulted 1n rejection of the null hypothesis --
therefore the difference in gatekeeper activity between the
three demographic characteristics was not statistically
significant. More detailed information including response
distributicns is found in 2ppendix C.

Database Use, Six WR-ALC eungineers reported usiag

automated database services. None of the ASD engineers
reported using them. Table 12 shows the frequency of

response for reasons why database services are not used.

TABLE 12

REASONS WHY DATABASE SERVICES
ARE NOT USED

Reason WR-ALC ASD
“- Not aware of database services 7 1z
-~ Not convenient 12 10
~- Does not contain information 3 7

relevant to my needs

-- Not applicable 7 3
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Investigative Question 2, This gquestion addressed the

perceived criteria that attect access to sources of
technical information external to one’s organization. Those
surveyed were asked to rate suggested information flow
criteria on a scale of "1 (significant barrier) to ''5"
«significant facilitator), with "3" (no effect) serving as a
rneutral point. The hypothesis test for ordinal data
(Wilcoxon Rank Sum Test) at a 0.1 overall alpha was applied
to the sample data (null hypothesis = no differencs between

the sampled population distributions), to compare the

perceptions of each criterion within the three demcgraphic

o8

characteristics (organization, years of ewrerience, an
level of education).

Table 13 shows the survey results. ©None of the criteria
were rerceived as information flow facilitators -- all were
perceived as barriers., The mean perceived barrier score and
the percentage of respondents who rank each criterion as ''no
effect” is shown in columns 2 and 3, respectively, in Table
13. If the hypothesis tests indicated a significant
difference within the perceptions of each criterion reported
by the three demographic profiles, it is so indicated in
column 4, and the group with the lower mean score (greater
perceived barrier) is shown in column 5. The barriers are
arranged in order of decreasing magnitude. More detailed
information including response distributions is found in

Appendix D.
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TABLE 13

BARRIERS TO TECHNICAL COMMUNICATION

Criteria percent overall reject Loower
no effect mean nuil zoore

I. Time avail. to seek 25.4% z.01 Nore oA
info. outside of org.

L. Organization priorities 30.5% 2.01 None d0A
that affect innovation

J. Resistance to change 32 .2% 2.14 None NoA

E. Technology class. 38.7% 2.13 None Noa
restrictions (secrecy)

¥, Information volume -—-— 38.7% 2.19 None oA
data quant. reg’d to
search for relevant info.

D. Contractor proprietary 45 .2% 3.24 None N/A
data rights

G. Database accessibility 40.1% 2.32 None N/ A

N. Communication between 33.3% 2.36 None NASA
AF and other Services

M. Communication between 38.1% 2.39 WR/ASD WE
AFSC and AFLC

B. Complexity of 50.7% 2.49 None N/ A
journal literature

A. Technical jargon 42 .8% 2.51 None N/A
used by other orgs

H. Incentives to innovate 49.1% 2.65 None N/ A

C. Propensity to 45.0% 2.73 None N/ A
publish one's results

K. Willingness to access 41 .9% 2.77 None N/A

external sources of info
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The only statistically significant demographic

comparison concerns the degree of technical communication
between Air Force Systems Command (AFSC) product divisions
and the Air Force Logistics Command (AFLC) Air Logistics
Centers (ALC’s). The WR-ALC engineers perceived the degree
of technical communication between the two organizations to
be a greater barrier than did the engineers within ASD.
This finding is consistent with the conclusions reachea by
Colonel Grapes in his speech, as noted in chapter 1 of this
paper. No other trends were evident within the demographic
characteristics and the perceptions of each criterion.

A wide variation seemed evident between the overall mean
perception of each criterion. Therefore a Kruskal-Wallis
test was conducted to test the null hypothesis of no
difference between the population distributions associated
witn each criterion. The resultant Chi-Square statistic
(56.03) and associliated p-value (p °~ .0001) indicated that
the populations were indeed statistically different,
Additional Kruskal-Wallis tests were used to rank the
barriers in order of decreasing magnitude, as shown in Table
13 above. Although none of the criteria were considered to
be significant barriers (mean scores less than 2), the top
five criteria (I, L, J, E, and F) could be considered as
minor barriers (mean scores of 2.2 or less). Items D, G, N,
M, and B could be construed as very minor barriers (scores

from 2.21 to 2.50). The remaining four items (A, H, C, and
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K) were clustered from 2.51 to 2.77, an indication that

these criteria were considered as insignificant barriers to

the flow of technical information from external sources into
8

one’s organization.

Spearman Rank Correlation Tests were done to assess thse
relactionship between source frequency of use/importance and
the five most significant barriers (I, L, J, E, and F3. A
negative, but weak (-.,38ll) correlation was noted between
resistance to change and the perceived importance of
informal external sources of information. No other

significant correlations were found.

Investigative Question 3, This question asked the

respondents to provide theilr own suggestions for
ccocmmuinication opportunities that would improve the flow of
technical knowledge into and within their organization. The

responses, along with the number of times each was

menticned, are summarized below.

- improve on-line database access —-- '‘a terminal on
every desk'' (6)

- provide office funds for purchasing technical
literature (journals, etc.) (5)

- establish/improve tech libraries at WR-ALC (4)

- provide opportunities for schooling, seminars,
training, contractor plant tours (3)

- standardize and automate the individual organization
filing systems -- «<connect all organizations via

computer for general access (3)

- hold reqular office meetings to discuss applicable
exlizting and proposed technologies (2
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each office have a focal point responsible for
maintaining a technical database (2)

change funding policy on AFLC engineering efforts from
O&M to project funds (1)

educate new hires on organization’s functional
charter (1)

contract for a government engineering publication
(like Airman magazine, etc) -- why not one for
engineers? (1)

improve the ability to understand ''where to go' to
contact appropriate government office for information
{organization charts, addresses) (1)

improve management’s technical competence of
engineering issues (1)

provide training/awareness of database systems (1)

establish and maintain formal "hands on' on-the-3job
training (1)

establish weekly base-wide technical briefings (The
Foreign Technology Division at WP-AFB now conducts
weekly intelligence briefings, including relevant
information and points of contact for further help.)
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V. Findings and_ Recommendations

Assumptions and Limitations

Although the findings can not be statistically
generalized to groups of engineers other than those surveyed
in this research, the findings can be used logically to
predict similar technical communication behavior elsewhere,

An important limitation i1s to recognize that since this
was exploratory, ex post facto research and not an
experiment, this study does not purport to show causality.
In particular, it cannot be said that the use or non-use of
certain sources of technical information causes some

engineers to perceive technical communication barriers

differently than other engineers.

Key Findings

The key findings resulting from this research were:
1. No differences were found within each of the three
demographilic characteristics (organization, years of federal
experience, and educational degree) and the frequency of use
of each of the four sources. There were, however,
signiticant differences between the overall frequency of use
of the four sources. Engineers in this research were found
to use informal internal sources (oral discussion with

others within one’s organization) to obtain technical

information significantly more often than any other source,.
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Informal internal sources were also found to be
perceived as more important than than any other source,

This could be due to the "law of least effort'' expressed by
Gerstberger and Allen (20:277), which states that people are
more likely to choose an information source based on ease of
use than on the amount or gquality of expected information.
Indeed, it is generally easier to ask someone in one’'s own
organization for a problem solution than it is to ask people
from other organizations or attempt to research literature.

2. Engineers who had completed graduate coursework
perceived formal internal information sources to be more
important than did engineers who had undergraduate degrees
only. A possible reason may be due to the positive, weak
correlation (0.3429) found between the engineers’ rank/grade
level and their highest level of formal education.

Engineers in the higher grades are probably more responsible
for developing and implementing items such as in—~house
technical reports or statements of work, and may also have
greater access to formal program reviews/meetings, than do
engineers in the lower grades.

3. Formal external sources (documents or journals
published from sources outside one’s organization, schools,
and professional associations) were found to be used less
frequently and of less importance than all other sources of
information. The low reported frequency of use appears to

be consistent with the ''law of least effort' phenomenon
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noted in finding #1 above. However, the low perceived
importance of formal external sources is surprising. One
would expect that these sources would represent the most
credible, valid information available, due to the supporting
research and exhaustive professional peer review that must
support much published technical information. The concept
of regularly valuing the oral opinion of one’'s peers within
one’s organization over all published technical information
sources seems risky indeed.

4, No significant differences were found between the
reported gatekeeping activities of the Warner Robins Air
Logistics Center (WR-ALC) engineers versus those of the
Aeronautical Systems Division (ASD) engineers. This finding
was unexpected. The researcher had thought the ASD
engineers, owing to their overall charter of new system
development, would demonstrate significantly higher
gatekeeping behavior than the WR-ALC engineers. In
addition, the researcher had believed the proximity, amount
and variety of local industry and universities to Wright-
Patterson AFB would serve to enhance ASD gatekeeping
activity. Perhaps the limited technical library
availability at WR-ALC may require englneers there to
actively engage in gatekeeping behavior.

5. Database use —— a formal, external source -- was
reported by 20% of the WR-ALC engineers. None of the ASD

engineers reported using database services. A reasonable
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explanation for this disparity may involve the greater ASD
accessibility to technical libraries, including the Wright
Research and Development Center library and the Air Force
Institute of Technology library at Wright-Patterson AFB as
noted in finding #4 above,

The two most frequently reported reasons for not using
database services were 1) the fact that database services
were not perceived to be convenient (36%), and Z) a lack of
awareness of database services (31%). These findings are
consistent with the results obtained by Hubbard and Zacardo
in their research of DTIC use by the Army (24:77). This
researcher’'s only complaint akout DTIC convenience concerns
the amount of time required for receipt of paper and
microtiche copies of DTIC reports. Efforts by DTIC and
technical library personnel to train prospective users about
use of the DROLS (Defense RDT&E On-Line System) should help
to reduce the time delays for document receipt.

Since the DTIC database system is designated as ''the
central focus for the (DoD) scientific and technical
information program' (50:65), it should follow that more
should be done to improve widespread awareness of DTIC and
its available services, such as DTIC’s DROLS and Current
Awareness Bibliography (CAB) programs.

6. The two most significant perceived barriers that
impede technical communication with sources outside one’s

organization were a) a lack of time to seek information
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outside the organization, and b) organizational priorities
that discourage innovation, such as a lack of support for
facilities or personnel dedicated to gathering and
disseminating technical information. Several WR-ALC
engineers reported that the limited technical libraries
available made it difficult for them to obtain technical
information. Another WR-ALC engineer noted that proposed
funding for improved systems does not compete well against
funding for normal replacement or repair.

Both ASD and WR-ALC engineers urged that formal,
designated technical positions be established within their

organizations to gather and disseminate technical

H

information.

Three other barriers, although less significant, were =
resistance to change, d) secrecy, and e) the perception that
the sheer voiume of 1ntormation available 1s too great to
effectively search for relevant information.

Resistance to change 1s a barrier that often appear:z in
research directed at the problems of technoloay diffusion,
and 1s difficult to eliminate. The negative, but weak
correlation between resistance to change and the perceived
importance of informal, external sources of information

(dialogue with contractors, peers from other organizations,

and professional soclety contacts) suggests that as

resiztance to change increases, the perceived importance of
intormal external information sources decreases., The weak
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correlation value indicates that it may or may not be
meaningful, Further research is necessary to verify whether
a correlation actually exists,

Secrecy is a deliberate barrier that is necessary in the
interests of national security, and probably should not be
eliminated. The ""too much information' barrier can be
relatively easily reduced by encouraging more widespread use

of database bibliography services such as those provided by
DTIC,

7. The WR-ALC engineers perceived that a lack ot
technical communication between AFLC and AFSC was a barrier.
The ASD engineers did not share this view. They perceiveda
that the existing level of communication is satisfactory.
However, Col Grapes (HR AFLC) argues that the identification
of system maintenance requirements to AFSC engineers is
"insufficient and not timely" (2:27). He also urges that
AFLC engineers enhance their technical knowledge through
increased interaction with the personnel and expertise from
the Air Force Wright Research and Development Center,

Recent Congressional and DoD interest in system
maintainability and associated life cycle costs may
indirectly help to improve AFSC/AFLC technical
communication., In addition, Defense Secretary Cheney’'s
efforts to streamline weapon system acquisition and

management may result in a major restructure of Air Force

weapon system acquisition and logistical support (10:14) .
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The results of his efforts and the associated impact is yet
to be gen.

8. The five most frequently mentioned suggestions for
improving the flow of technical knowledge into one’s
organization were directly related to improving access to
formal external information sources., These suggestions
included improving on-line database access, allocating funds
to procure technical literature, establishing/improving
technical libraries at air logistics centers, providing
opportunities for training and tours, and standardizing,
automating and connecting individual organization filing

systems for general access,.

Comparison of Findings with Creighton-Jolly Model

The Creighton-Jolly model (discussed in chapter Z)
contained a list of intrinsic and extrinsic factors that can
atfect information flow. None of the extrinsic factors
(capacity, gatekeepers, source credibility, rewards, and
willingness %“c accept change) were perceived by the
respondents to be barriers to technical communication. A
comparison of each intrinsic factor with the results of thic

research i1s sh»own below.

Documentation. Documentation -- the ways that
information i1s defined, organized and presented -- appeared
not to signit. tantly impede information flow. Secrecy was

the only one of tive potential documentation survey criteria

that ranked as one ot the top five barriers. Three other
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documentation criteria, ;ncluding the complexity of journal
literature, technical jargon used by other organizations,
and the propensity of engineers to publish their results,
scored in the bottom five, and thus were not considered as
barriers. (However, the perception of what is or is not a
barrier depends on one’s perspective. DTIC research
indicates that a lack of publication activity is a
continuing problem (15; 24)1.

Distribution. Distribution refers to the channels
through which information flows. Distribution-related
factors appeared to be perceived as barriers to technical
communication. Two distribution criteria -- a lack of time

available to seek sources outside of one’s organization, and

the sheer volume of information that must be processed to

obtain relevant information -~ ranked in the top five
barriers. The reported lack of use of database services was
surprising, considering the barriers mentioned above. An

increased use of automated databases, particularly database
bibliographies and abstracts, would help one to quickly
attain relevant information. However, to realize the
maximum potential of databases, engineers must be willing to
report their findings to, as well as extract information
from these services, DTIC’s problems in obtaining technical
information are well documented, as noted abcve.

The high rate of personnel rotation reported by the

respondents should positively impact information distribu-
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tion. However, the sample data did not indicate the extent
of the job transfers -- whether they were primarily within
one geographic location (and associated organizations), or
between a variety of locations.

Most of the suggestions for improving technical
communication centered on distribution factors such as
automated database access and opportunities for training.

Organization. Organization-related criteria were
perceived as two of the top five barriers to communication
flow. These included resistance to change and priocritics
that affect innovation. These barriers seem to appear in

study after study (3; 24; 30; 39), and may indeed prove to

be the most difficult to eliminate.

Conclusion

Past research shows that one of the greatest barriers to
the diffusion of technology is a simple lack of awareness
that a ftechnology exists, or knowledge of its risks and
benefits. If the Air Force 1is to improve the quality of 1ts
fielded weapon systems within the constrained budgets
currently available, it must capitalize on mature, proven
technologies as much as possible. A principal method of
ensuring secondary use of mature technologies is to diffuse
awareness of the technologies by encouraging technical
communication with sources external to one’s organization.

Tn achieve this end, this author recommends the following

steps be taken:
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1. Recommend that efforts be conducted to increase the
awareness and use of automated database services such as
DTIC. A general awareness and use of database services
would help eliminate the barriers of 'too much information''
and lack of time to seek information from external sources.
These efforts could be shared by technical library
personnel, DTIC, and engineering management. An improved
awareness may help to reduce the perceptions of a lack of
convenience of database access.

2. Recommend that engineers be encouraged to document
and publish their technical achievements. Potential
inducements could include peer recognition and encouragement
of the presentation of papers at technical socciety meetings
and DoD symposiums.

3. Kecommend that engineers meet periodically with
their peers from other organizations to exchange technical
information. These meetings could provide a forum to
diffuse awareness of coantractor and Government innovations
or methods that 1mprove product performance and quality.

4, Recommend that communication with formal and
informal technical sources external to one’s organization be
encouraged as much as possible. This encouragement could
occur in the form of budgets for training and technical
Journals, and allowance of time for attendance at short
courses, seminars, and functions like the Blue-Two program

sponsored by AFCOLR.
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This researcn, however, showed that a curious dichotomy
seems to exist between the respondents’ emphasis on
suggestions for improving access to formal external sources,
in relation to their lack of use of and relatively low
importance they flace on these same sources. A shortcoming
of this research 1s that it did not address why formal
external sources are not perceived to be important. Greater
access to formal external sources may or may not cause them
to be used more fregquently and perceived as more important,
Therefore this author recommends that efforts that enhance
access to formal external sources (such as the establishment
of libraries or funding allocations for purchasing technical

literature) be conducted cautiously.

1. Recommend that this study be repeated next year to
verify the reliability of the results of this research.

2. Recommend this research be expanded to cover a
larger sample size, to extend the generalization of this
research to all defense systems engineers. Tnis larger
sample should include engineers affiliated with nonprofit
defense engineering support corporations, such as MITRE

(Lexington MA) or the Aerospace Corporation (Los Angeles

3. Kecommend that the research conducted by Allen et

al. (5) on the etfect of technical inforw tion requirements
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as a function of program timing be applied to a defense
system procurement setting.

4. Recommend that research be conducted to assess how
the amount and content of current MIL-STDs and other
specification standards are percelved to affect defense
engineers’ capacity for innovativeness and propensity to
seek better ways to design and manufacture weapon systems.

5. Recommend that efforts be conducted to integrate
existing technical communication survey instruments 1into a

standard tocol with proven reliability and wvalidity.




Appendix A: Pre-Survey

DEFENSE ENGINEERING
TECHNICAL COMMUNICATION
PRE-SURVEY

Scope: This pre-survey 1s being done to determine the
approvpriate criteria for use on a survey that will be
accomplished this June., Specifically, I ask for your
opinion on whether the following items should or shouid nor
be included in my survey instrument. In addition, I want
you Lo suggzst additional i1tems for inclusion that I may
have missed. Please do_not judge your own organization when
completing this pre—-survey, but instead use your past
experience and professional judgement.

Please note that your participation 1s completely
voluntary, but I would certainly appreciate your help. TYour
individual response will be combined with others and wiil
not be attributed tao you personally.

nstructions: Piease circle the number [(e.g. .
hat corresponds to your selected response to
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Part I (Continued)

Yes, this source 1is This source is No, this source
highly relavant, sometimes used 1s not relevant
1 2 3

~
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Government Technical Reports/Mil-~Stds
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Part 11 {Continued)
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Appendix B: Survey

USAF SCN 89-32
DEFENSE ENGINEERING

TECHNICAL COMMUNICATION
SURVEY

Background: The Air Force Coordinating Office for Logistics
Research (AFCOLR) is sponsoring AFIT research into the
methods of technical communication used by engineers when
seeking to maintain '"state-of-the-Art" knowledge in their
discipline areas.

Purpose: To identify technical communication barriers and
facilitators, as perceived by selected Air Force Systems
Command And Air Force Logistics Command engineers, that
affect the diffusion of mature (empirically proven)
technologies from external sources into their organizations.
The results of this research will be basic inputs to a
published Air Force Institute of Technology, School of

Systems and Logistics, student thesis.

Scope: This survey will ask how selected engineers obtain
and disseminate technical information, and will request the
engineers to rate their perceptions of proposed criteria
that affect technical communication. A census of engineers
from organizations selected from AFSC and AFLC will be
requested to fill out the attached survey.

Instructions: The survey is composed of four parts. For
Part I, please circle the number [e.g. (1), (2), etcl that
corresponds to the correct answer to each question. Please
note that your '"'organization'' is defined as either an Air
Logistics Center (ALC) or a Product Division. For example,
if you are an AFSC engineer, then you work for a specific
Product Division. Product Divisions at other bases and
other organizations (laboratories, test wings, etc) would
constitute separate organizations. AFLC ALC’s would follow
a similar concept. Please retain this definition when
completing each part of the survey.

For Parts II, III, and IV, please follow the
instructions provided at the beginning of each section.
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TECHNICAL INFORMATION SURVEY USAF SCN 89-32

Part I Demographic Information.

¥hat is your organization? (1) ALC (2) Product
Division

Are you a supervisor or non-supervisor? (1) Supervisor
(2) Nonsupervisor

Are you a military or civilian worker? (1) Military
(2) Civilian

What is your rank or grade level?

(1) GS-9 or 2Lt

(2) GS-11 or 1Lt

(3) GS-12 or Capt

(4) GS/GM-13 or Major

(5) GS/GM 14 or above or Lt Col or above

How long have you performed Government service?

(1) Less than S years

(2) 5 but less than 10 years
(3) 10 but less than 15 years
(4) 15 but less than 20 years
(5) 20 or more years

How long have you worked in your present organization?

(1> Less than S years

(2) 5 but less than 10 years
(3) 10 but less than 15 years
(4) 15 but less than 20 years
(S) 20 or more years

To which age group do you belong?

(1) 21-25 years
(2) 26-35 years
(3) 36-45 years
(4) 46-55 years
(5) 56 years or more

What is your highest level of formal education?

(1) High School

72) Bachelors Degree

(3) Graduate Work/No Degree
‘4) Masters Degree

5) Doctorate
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Part I]1 Sources of Information

Questions 9 through 12 present a list of potential sources
of technical information. Sources are classified in formal
and informal categories, and whether they are found internal

Division or ALC). Formal sources are defined as those
sources that are documented or meetings that are advertised
and held specifically for purposes of advancing or
disseminating technical information. Informal sources
include all other sources.

For the following four questions, please indicate your
frequency of use of each source (the number of times per
month you obtain technical i1nformnation from each source),
and how important each source is (in terms of relevance,
timeliness, and reliability, for example) to your Job.
Please indicate your frequency of use and importance of each
source by circling the appropriate number for each source
according to the scales below:
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LEportant
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N K 4 pi ! Z M d 2

Formal Souroes dpthin Hy firganization Frequency of lse
1, ir-touse Jechnical Reports R T LT 4 8
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erna; ta My Organization
3. Dovernment Technical Reportsidil-3tds P23 48 1 2 I 4 =
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4. Tert FooksiSpecialized Technical Boors P21 43 R
2, Schools/Tratning ' I S R S
i, Contractor Fengrtg [ O
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Frequency of lse ~ Importance
‘Tiasg per acntn you obtain intormation) Mot Somewhat  Iaportant Very
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T. Srofessional to 3 43 SR
3, Diaiaque wiih DR S S A
g, dther S F IR
13. On average, how many times per month do you provide

organization?

(1) ©
(2) 1-2 times
(3) 3-4 times

(4) 5-6 times
(5) More than 6 times

14. On average, how many times per month do you provide

(1) O

(2) 1-2 times

(3) 3-4 times

(4) 5-6 times

(5) More than 6 times

15. Do you use automated database informaticn services?
[For example: the Defense Technical Information Center (DTIT)
or the National Technical Information Service (NTIS)]

e @.‘¥Yes .........0_ ______ b. No
16, If you do not use database information or services, why
not?
a. Not aware of database services

b. Not convenient to use

c. Does not contain information relevant to my needs

ol

Other (Please list)

@D

Not Applicable
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Part III Criteria that Affect Communication Flow

This survey 1is i1nvestigating communication barriers and
facilitators that affect widespread awareness of technical
advances that are relevant to our work. In your opinion, how
do the following criteria affect your technical communication
with sources external to your organization? Please rate your
assessment of the magnitude and type (barrier or facilitator)
of each criteria by circling the number opposite to each item

according to the following scale:

Significant Minor No Effect Minor Significant

Barrier Barrier Facilitator Facilitator
1 2 3 4 5

a. Technical Jargon Used 1 2 3 4 S

by other Organizations

b. Complexity of Professional 1 2 .3 4 S
Journal Literature

[N
[@Y]
N
w

c. Publication Activity - Probability of 1
Engineers to Report Their Findings in
the Cpen Literature (Tech reports, etc)

d. Contractor Proprietary Data Rights 1 2 3 4 S

e, Technology Classification 1 2 3 4 5
Restrictions (Secrecy)

t. Intormation Volume -- 1 2 3 4 S

Data Quantity Required to
Search for Relevant Information

g, Accessibility of Database Information 1 2 3 4 S
Services as an Information Source

h. Incentives (Rewards, Recognition) 1 2 3 4 <
to Innovate (or lack of)

1. Avatilability of Time to Seek 1 2 3 4 S
Information Outside of Organization

j. FResistance to Change 1 2 3 4 S

k., Willingness of Engineers to Access 1 2 3 4 5

External GSources of Information
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Significant Minor No Effect Minor Significant
Barrier Barrier Facilitator Facilitator

1 2 3 4 S

1, Organization Priorities that Affect 1 2 3 4 5
Innovation (Example: Production
Quantity Versus Quality Improvement)

m. Communication between AFSC 1 2 3 4 )
Product Divisions and AFLC ALC’s

n. Communication between AF Product 1 2 3 4 5
Divisions or ALC’s and other

Services (Navy, Army, etc)

o. Other (Please Explain) 1 2 3 4 S

Part IV Communication Opportunities,

As a user of scientific and technical information, we would
like you to tell us what methods or policies would help
improve the flow of technical knowledge into and within your
organization,

Thank you for your support!
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Appendix C: Results for Investigative Question 1

This appendix presents the descriptive statistics and
analysis of data collected by Part II of the survey ques-—
tionnaires. Part II asked the survay respondents to
indicate their frequency of use and perceived importance of
four sources of information, including a) formal sources
internal to their organization, b) formal external sources,

~

-y informal internal sources, and d) informal external
sources. The Wilcoxon Rank Sum test for ordinal data was
used for analysis. Since the test was to be replicated four
times (once for each source) for each of the demographic
characteristics (organization, years of experience., and
education), the overall Type 1 error (falsely claiming
significant differences between populations) was controlled
using the Bonferroni inequality (35:147). Under this
method, the overall alpha of 0.1 was divided by the number
of tests (four) to result in an alpha of U.025 per test.
This resulted in a critical statistic of 2.24 (37:A-2). The
personal computer program STATISTIX was used to analyze the
data. GSTATISTIX uses a method proposed by Snedecor and
Cochran (46:144) that uses the rank sum results to calculate

the normal approximation test statistic, The null

hypothesis of no difference between the two distributions

ot

test statistic was larger than the

T

was rejected i1f th

critical statistic,
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The total response distributions, mean scores,
percentage of respondents indicating they do not use the
and results of the

source, or the source is not important,

hypothesis tests are shown below.

Frequency of Use. The frequency of use scale was

partitioned from '"'1" (information not obtained from this
source) to "5" (informatiop obtained more than six times per

month from this source) .

AL Formal Internal Sources

Tutal Resvonses Category Mean Score
Scale N Tatal 2.41
——————————————— WR-ALC 2.41
1 12 ASD 2.42
2 37 G-14 yrs 2.42
3 9 15 or more yrs 2.38
4 3 Grad 2.51
S z Under 2.21
Hypothesis Test Results
Category Critical Test Accept/
Statistic Statistic Reject
WR-ALC/ASD 2.24 0.28 Accept
0-14/15 or more 2.24 0.92 Accept
Grad/Under 2.24 0.64 Accept

of respondents
3ource one time or

indicating they

less

per month: 13%
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This research indicates that the overall mean frequency
of use score for formal interral sources was 2.41 times per
month. The hypothesis tests suggest that the three
demographic groups did not differ significantly in their

frequency of use of this source,

B. Formal External Sourzes

Total Responses Category Mean Score
Scale N Total 2.19
——————————————— WR-ALC 2.21
1 24 ASD 2.17
2 30 0-14 yrs 2.32
3 6 15 or more yrs 2.03
4 2 Grad 2.24
5 1 Under 2.11

Hypothesis Test Results
Category Critical Test Accept/

Statistic Statistic Reject
WR-ALC/ASD 2.24 0.36 Accept
0~14/15 or more 2.24 1.77 Accept
Grad/Under 2.24 0.52 Accept

Percentage of respondents indicating they
use this source one time or less per month: 38.1%

This research indicates that the mean frequency ot use
score for formal external sources was 2.19 times per month,
The hypothesis tests suggest that the three demographic
groups did not differ significantly in their frequency ot

ze of this zource,
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C. _Informal Internal Sources

Total Responses Category Mean Score
Scale N Total 3.38
——————————————— WR-ALC 3.33
1 4 ASD 3.43
2 i2 0-14 yrs 3.37
3 25 15 or more yrs 3.39
4 18 Grad 3.35
S 4 Under 3.44

Hypothesis Test Results

Category Critical Test Accept/

Statistic Statistic Reject
WR-ALC/ASD 224 o020 Accent
$3~14/15 or more 2.24 U.15 Accept
Srad/Under 2.2% 0.47 Accept
c

rcentage of respondents 1ndicating they
2 this source one time or less per month: 6. 3%

This reszearch indicater- that the overall mean frequency

Y uze zococre for informal internal scurces was J3.33 times
ney montrn,  Thne hyoothezls teshts suggest that the three
TermGar 4t rroups iid nort diltter signitficantly in theilr




D. Informal External Sources

Total Responses Category Mean Score
Scale N Total 2.61
——————————————— WR-ALC 2.60
1 14 ASD 2.62
2 2 0-14 yrs 2.46
3 15 15 or more yrs 2.79 °
4 6 Grad 2.57
5 1 Under 2.68

Hypothesis Test Results

Category Critical Test Accept/
Statistic Statistic KReject
WR-ALC/ASD 224 oas Accept
U-14/15 or more 2.24 1.17 Accept
Grad/Under 2.24 0.43 Accept

Percentage of respondents indicating they
use this socurce one time or less per month: 22.2%

This research indicates that the overall mean frequency
of use score tor inf  rmal external sources was 2.61 timec
per month. The hypothesis tests suggest that the three
demcgraphic groups did not ditfer significantly in thear

frequency of use of thnis source.




Kruskal-Wallis Tests for Overall Frequency of Use

Six Kruskal-Wallis one-way nonparametric analysis of
variance tests were conducted to compare the nverall

frequency of use of the four sources. Using the Bonferroni

approach (35:147), the overall alpha of U.1 was divided by

the number of tests (six) to result in individual test

alphas of 0.016. The computer program STATISTIX was used to

conduct the Kruskal-Wallis tests. If the test statistic P-
value was lower than the test alpha, then at least two of
the distributions being tested were declared significantly
were then

different. The mean ranks of the distributions

comparad to determine the direction of the difference. The

results are shown below.

Test Kruskal-Wal P-value Sig Higher
Statistic Diff Mean

FI-FE-II-IE  S1.97 0.000  Yes  Unknown

FI-FE 3.22 0.072 No None

FI-I1 30.69 0.000 Yes II

FI-IE 1.54 0.220 No None

FE-IE 7.36 0.006 Yes IE

FE-II 42.1a 0.43ud Yes II

1I-1E 193,87 0.0uu Yes 11

Note: ¥l = Formal Internal sources, FE = Formal External

sourcez, [I = Intormal Internal sources, [E = Informa:l

Bt erral mources
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Source Perceived Importance. The perceived importance scale

was partitioned from ""1" (source is not important) to "3"

(source is extremely important) .

A. Formal Internal Sources
Total Responses Category Mr.an Score
Scale N Total 3.1
——————————————— WR-ALC 2.94
1 4 ASD 3.34
2 17 0-14 yrs 3.16
3 30 15 or more yrs 3.12
4 9 Grad 3.32
5 2 Under 2.82
Hypothesis Test Results
Category Critical Test 7 Accept/
Statistic Statistic Reject
WE-ALC/ASD 2.24 2.17 Accept
0-14/15 or more 2.24 0.25 Accept
Grad/Under 2.24 2.23 Reject
Percentage of respondents indicating they perceive
Lhis source as less tYan '"'somewhat important'': 33.8%

This researc:.. . .icates that the overall mean perceived
irportsonce score for formal internal sources was 3.14
(slightly higher than '"'important'). The hypothesis tests
suggest that persons who have completed graduate coursework
value formal internal sourres differently than their
undergraduate counterparts. The mean graduate score was

orne-halt point higher than the mean undergraduate score,
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B. Formal External Sources

Total Responses Categcry Mean Score
Scaile N Total 2.90
——————————————— WR-ALC Z.91
1 7 ASD 2.89
2 26 0-14 yrs 2.99
3 22 15 or more yrs 2.78
4 5 Grad 2,94
S 2 Under 2.82

Hypothesis Test Results

Category Critical Test Accept/
Statistic Statistic Reject
WR-ALC/ASD 224 033 Accept
0-14/15 or more 2.24 1.29 Accept
Grad/Under 2.24 0.54 Arcant

Percentage of respondents indicating they perceive
this source as less than '"'somewhat 1important'': 46.7%

This research indicates that the overall mean perceived
importance score for formal external sources was 2.90
(slightly less than "important''). The hypothesis tests

uggest that the three demographic groups did not difter

)

signitficantly in their perceived importance of this source,.
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C. Informal Internal Sources

Total Responses Category Mean Score
Scale N Total 3.58
——————————————— WR-ALC 3.74
1 3 ASD 3.41
2 6 0-14 yrs 3.59
3 28 15 or more yrs 3.57
4 18 Grad 3.62
S 7 Under 3.50

Hypothesis Test Results

Category Critical Test Accept/
Statistic Statistic Reject
WR-ALC/ASD 224 081 Accept
0-14/15 or more 2.24 0.39 Accept
Grad/Under 2.24 J.61 Accept

Percentage of respondents indicating they perceive
this source as less than ''somewhat important'': 14 .5%

This research indicates that the overall mean perceived
importance score for informal internal sources was 3.58
(between ''important' and ''very important'). The hypothesis
tests suggest that the three demographic groups did not
differ significantly in their perceived importance of this

Iource.,
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D. Informal External Sources

Total Responses Category Mean Score
Scale N Total 3.03
——————————————— WR-ALC 3.01
1 6 ASD 3.05
2 22 0-14 yrs 2.95
3 20 15 or more yrs 3.13
4 13 Grad 3.02
S 1 Under 3.05

Hypothesis Test Results

Category Critical Test Accept/
Statistic Statistic Reject
WR-ALC/ASD 224 029 Accept
0-14/15 or more 2.24 0.79 Accept
Grad/Under 2.24 0.06 Accept

Percentage of respondents indicating they perceive
this source as less than ''somewhat important'': 45.2%

This research indicates that the overall mean perceived
importance score for formal external sources was 3.03
(""important'') . The hypothesis tests suggest that the three
demngraphic groups did not differ significantly in their

perceived importance of this source,
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Kruskal-Wallis Tests for Overall Perceived Importance

Six Kruskal-Wallis one-way nonparametric analysis of
variance tests were conducted to compare the overall
perceived importance of the four sources. Usiné the
Bonferroni approach (35:147), the overall alpha of 0.1 was
divided by the number of tests (six) to result in individual
test alovhas of 0.016. The computer program STATISTIX was
used to conduct the Kruskal-Wallis tests. If the test
statistic P-value was lower than the test alpha, then at
least twvo of the distributions being tested were declared
significantly differert. The mean ranks of the

distributions were then compared to determine the directicon

of the difference. The results are shown below.
Test Kruskal-Wal P-value Sig Higher
Statistic Ditf Mean
FI-FE-1I-TE  21.28  0.000  Yes  Unknown
FI-FE 3.91 0.047 No None
FI-11 7.84 - 0.00S5 Yes II
FI-IE 0.29 0.584 No None
FE-IE 1.12 0.289 No None
FE-TI 18.79 $.000 Yes II
II-IE 10.59 0.001 Yes I1
Note: FI = Formal Internal scurces, FE = Formal External
sourcez, II = Informal Internal sources, IE = Informal
Fxternal sources,
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Gatekeeper Activity

Gatekeeper activity was a construct variable formed by
averaging the responses to survey questions 10.b., 12, 13,
and 14. The frequency of occurrence scale ranged from '"'1"
(no gatekeeping activity), to "'5" (gagekeeging activity more

than six times per montn) .

Total Responses Category Mean Score
Scale N fotal 3.00
——————— s e - WR-ALC 3.11
1 S ASD 2.88
2 22 8-14 yrs 2.88
3 32 15 or more yrs 3.15
4 3 Grad 2.94
5 0 Under 3.14

Hypothesis Test Results

Category Critical Test Accept/
Statistic Statistic Reject
WR-ALC/ASD 224 141 Accept
0D-14/15 or more 2.24 1.36 Accept
Grad, Under 2.24 1.21 Accept

e e e o ——  ———— ————— — ——  ——— ——— e ——— e, — e ——————— ——

Percentage of respondents indicating
that they do not engage in gatekeeping activity: 8.1

&9

The overall mean gatekeeping activity score was 3,00
tthree to four times per month). The hypothesis tests
suggest that the three demographic groups did not differ

zignificantly in theilr reported gatekeeping activity.
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Appendix D: Results for Investigative_ Question 2

This appendix presents the descriptive statistics and
analysis of data collected by Part III of the survey
gquestionnaires. Part IIIl asked the survey respondents to
rate a list of criteria as either barriers or facilitators
cf information flow into their organizations. The five
peint scale ranged from '"'1" (significant barrier) to "5"
(significant facilitator). The Wilcoxon Rank Sum test for
ordinal data was used for analysis. Since the test was to
be replicated fourteen times (once for each criterion) for
each of the three demographic characteristics (organization,
vears of experience, and education), the overall Type 1
error was controlled using the Bonferroni inequality
(35:147) . Using this apprcach, the 2verall alpha of 0.1 was
divided by the number of tests {(fourteen) and rounded to
result in an alpha of 0.008 per test. This resulted in a
critical test statistic:-of 2.65 (37:A-5). The personal
computer program STATISTIX was used to calculate the normal
approximation test statistic based on the rank sum results.
The null hypothesis of no difference between the two
Adistributions was rejected 1f the test statistic was laraqger
than the critical statistic,

The total response distributions, mean (average) scores,

iy

pmercentage of respondents rating the criterion as neither ..




facilitator nor a barrier, and results of the hypothesis

tests are shown below.

Criterion: A. Technical Jargon Used by other Organizations
Total Responses Cateaory Mean Score
Scale N Total 2.51
——————————————— WR-ALC 2.56

1 1 ASD 2.45

2 32 0~14 yrs 2.49

3 27 15 cor more yrs 2.54

4 3 Grad 2.45

S 0 Under 2.62

Hypothesis Test Results

Category Critical Test Accept/
Statistic Statistic Keject
WR-ALC/ASD  z2.65  0.88 Accept
0U-14/15 or more Z.65 0.29 Accept
Grad/Under 2.65 1.14 Accept

Percentage of respondents
indicating the-criterion has

"

no effect': 42 .8%

This research indicates that the overall mean perceived
barrier score for this criterion was 2.51 (between a ''minor
barrier"” and ''no effect'). The hypothesis tests suggest
that the three demographic groups did not differ

significantly in their perceptions of this criterion.
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Criterion: B.

literature

Complexity of professional Jjournal

Total Responses Category Mean Score
Scale N Total 2.49
———————————————— WR-ALC 2.62
1 6 ASD 2.37
2 2% 0-14 yrs 2.32
3 32 15 or more yrs 2.61
4 2 Grad 2.32
S 8] Under 2.85
Hypothesis Test Results
Category Critical Test Accept/
Statistic Statistic Reject
WR-ALC/ASD 2.65 1.06 Accept
0J-14/15 or more 2.65 1.26 Accept
Grad/Under 2.65 2.32 Accept

Percentage of respondents

i+ ating the criterion has ''no effect'':

This research indicates that the overall mean perceived

H

barrier score for this criterion was 2.49 (between a ''mincr

barrier'” and ''no effect''). The hypothesis tests suggest

that the three demographic groups did not differ

significantly in their perceptions. {The Grad/Under test

would have rejected the null hypothesis of no difference had

this been an i1solated test [where alpha = 0.1 and the

associated critical test statistic = 1.64]). The difference

in the Grad/Undergrad means 1is inrteresting -- one miaht
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normally assume that the more education one receives, the

less complicated Lhe literature would seem.

Criterion: C. Publication activity -- probability of
engireers to report their findings in
the open literature

Total Responses Category Mean Score
Scale N Total 2.73
——————————————— WR-ALC 2 .64
1 8 ASD 2.81
2 14 0-14 yrs 2.69
3 27 15 or more yrs 2.77
4 8 Grad 2.94
5 3 Under 2.62

Hypothesis Test Results

Category Critical Test Accept/
Statistic Statistic Reject
WR-ALC/ASD  z.65  0.75 Accept
0-14/15 or more 2.6S5 0.35 Accept
Grad/Under 2.65 1.07 Accept

Percentage of respondents
indicating the criterion has

[N

no effect’': 45 . 0%

The overall mean perceived barrier score for this
criterion was 2.73 {(close to the ''no effect' point). The
nypothesis tests suggest that the three demographic groups
did notr differ significantly in their perceptions ot this

criterion.
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Criterion: D. Contractor proprietary data rights
Total Responses Category Mean Score
Scale N Total 2.24
——————————————— WR~ALC 2.06
1 14 ASD 2.39
2 26 0~-14 yrs 2.22
3 20 15 or more yrs .23
4 0 Grad 2.28
S 3 Under 2.21
Hypothesis Test Results
Category Critical Test Accept/
Statistic Statistic Reject
WR-ALC/ASD 2.65 1,36 Accept
0-14/15 or more 2.65 Jd.21 Accept
Grar/Unansr 2.65 0.2z Accept

Perce:itage of respondents
indicating the criterion has ''no effect': 31.7%

The overall mean perceived barrier score for this
criterion was 2.24 (close to the '"mincr barrier' point).
The hypothesis tests suggest that the three demographic
groups did not differ signi‘icantly in their perceptions of

this <criterion,




Criterion: E. Technology classification restrictions

(secrecy)

Category

Total

WR-ALC

ASD

U~14 yrs

15 or more yrs
Grad '
Under

Test Results

Test
Statistic

Mean Score

Accept/
Reject

Total Resvonses
Scale N
1 13
z 25
3 24
4 0
5 0
Hypothesis
Category Critical
Statistic
WR-ALC/ASD 2.65
U-14/15 or more 2.65
Grad/Urder 2.65

Percentage of respondents
indicating the criterion has

'""no effect':

The overall mean perceived barrier score for this

criterion was 2.18 (close to

the '"'minor barrier' point).

The hypothesis tests suggest that the fthree demographic

groups did not differ significantly in their perceptions

this criterion.
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Criterion: F. Information volume -- data quantity
required to search for relevant
information

Total Responses Category Mean Score
Scale N Total 2.189
——————————————— WR-ALC 2.26
1 17 ASD 2.12
2 19 0-14 yrs 2.34
3 24 15 or more yrs 2.00
4 1 Grad 2.16
S 1 Under 2.25

Hypothesis Test Results

Category Critical Test Accept/
Statistic Statistic Reject
WR-ALC/ASD 265 039 Accept
0-14/15 or more 2.65 1.66 Accept
Grad/Under 2.65 0.41 Accept

Percentage of respondents
indicating the criterion has ''no effect'': 38.7%

The overall mean perceived barrier score for this
criterion was 2.19 (close to the '"'minor barrier' point).
The hypothesis tests suggest that the three demographic
groups did not differ significantly in their perceptions of
this criterion. (A significant difference would have been
declared between the two ''years of experience' groups, had

thiz been an 1solated test (alpha = U.1, t = 1.064]).

31




Criterion: G. Accessibility of database information
services as an information source

Category

0-14 yrs

15 or more yrs
Grad

Under

Test Results

Test
Statistic

Mean Score

Scale N
1 18
2 12
3 25
4 5
5 1
H,ypothesis
Category Critical
Statistic
WR-ALC/ASD 2.65
0-14/15 or more 2.68
Grad/Under 2.63

Percentage of respondents
indicating the criterion has

'"'no effect'':

The overall mean perceived barrier score for this

criterion was 2.32 (moderately close to the "minor barrier"

point}) . The hypothesis tests suggest that the three

demographic groups did not differ significantly in their

perceptions of this criterion.




Criterion: H. Incentives (rewards, recognition) to
innovate (or lack of)

Total Responses Category Mean Score
Scale N Total 2.65
——————————————— WR-ALC 2 .46
1 11 ASD 2.83
2 10 0-14 yrs 2.54
3 30 15 or more yrs 2.31
4 9 Grad 2.71
5 1 Under 2.55

Hypothesis Test Results

Category Critical Test Accept/
Statistic Statistic Reject
WR-ALC/ASD 265 1.42 Accept
U-14/15 or more 2.65 0.91 Accept
Grad/Under 2.65 0.36 Accept

Percentage of respondents

indicating the criterion has ''no effect': 49.1%
The overall mean perceived ba ' 2r score for this
criterion was 2.65 (moderately clo to the '""mo effect"

point). The hypothesis tests suggest that the three
demographic groups did not differ significantly in their

percepiinr=s of this criterion.

93




Criterion: I. Availability of time to seek
informatioii outside of one’'s
organization

Total Responses Category Mean Score
Scale N Total 2.01

——————————————— WR-ALC 2.03

1 25 ASD 2.0u

Z 18 0-14 yrs 2.11

3 ' 16 15 or more yrs 1.89

4 2 Grad 2.3

S 2 Under 1.985

Hypothesis Test Results

Category Critical Test Accept/
Statistic Statistic Reject
WR-ALC/ASD 265  0.00  ‘Accept
J-14/15 or more 2.65 0.97 Accept
Grad/Under 2.65 0.24 Accept

Percentage of respondents
indicating the criterion has ''no effect': 25.4%

The overall mean perceived barrier score for this
criterion was 2.01 (minor barrier). The hypothesis tests
suggest that the three demographic groups did not differ

significantly in their perceptions of this criterion,
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Criterion: J. Resistance to change

Total Responses Category Mean Score
Scale N Total 2.14
——————————————— WR-ALC 2.36
1 15 ASD 1.93
2 2 0-14 yrs 2.22
3 20 15 or more yrs 2.03
4 2 Grad 2.09
S 0 Iinder 2.25

Hypothesis Test Results

category Critical Test Accept/
Statistic Statistic Reject
WR-ALC/ASD 2.6s  1.88 Accept
0-14/15 or more 2.65 0.89 Accept
Grad/Under 2.65 0.57 Accept

Percentage of respondents
indicating the criterion has ''no effect': 32.2%

The overall mean perceived barrier score for tiuis
criterion was 2.14 (close to the ''minor barrier' point).
The hypothesis tests suggest that the three demographic
groups did not differ significantly in their perceptions of
this criterion. (A significant difference would have been
declared between the two organizations, had this been an

iznlated test {alpha = 0.1, t = 1.647]).
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Total Resp

Category

K.

onses

Willingness
external

Hypothesis

Critical
Statistic

Category

15 or more yrs
Grad
Under

Test Results

Test
Statistic

of engineerc to access
sources of information

WR-ALC/ASD
U0-14/15 or

Grad/'Under

more

Percentage
indicating

of respondents
the criterion has

“"‘no effect':

41.9%

The overall mean perceived barrier score for this

criterion was 2.73 (close to the

hypothesis

tests

"no effect'

point) ., The

suggest that the three demographic groups

did not Aiffer significantly in their perceptions of this

criteriaon.
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Criterion: L. Crganization priorities that affect
innovation (example: production
quantity vecrsus quality improvement)

Total Responses Category Mean Score
Scale N Total 2,01
——————————————— WR-ALC 1.97
1 21 ASD 2.07
2 13 0-14 yrs 2.12
3 18 15 or more yrs 1.38
4 2 Grad 2.00
) J Under 1.91

Hypothesis Test Kesults

Category Critical Test Accept./
Stfatistic Statistic Reject
WR-ALC/ASD 265 ov.az Accept
3-14/15 or more 2.65 1.02 Accept
Grad/Under 2.65 0.60 Acrcept

Percentage of respondents
indicating the criterion has '‘no effect'': 30.5%

The overall mean perceived barrier score for this
criterion was 2.0l (minor barrier). The hypothesis tests
suggest that the three demographic grdups did not difter

signiticantly in their perceptions of this criterion,
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Criterion: M. Communication between AFSC product
divisions and AFLC ALC’s

Total Responses Cateaory Mean Score
Scale N Total 2.39
——————————————— WR-ALC 2.06
1 14 ASD 2.7
2 19 0-14 yrs 2.41
3 24 15 or more yrs 2.33
4 3 Grad 2.53
5 3 Under 2.14

Hypothesis Test Results

Category Critical Test Accept/
Statistic Statistic Reject
WE-ALC/ASD 265 2 Reject
U-14/15 or more 2.65 0.01 Accept
Grad/Under 2.65 1.38 Accept

Percentage of respondents
indicating the criterion has ''no effect'': 38.1%

The overall mean perceived barrier score for this
criterion was 2.39 (moderately close to the ''minor barrier”
point) . The hypothesis tests suggest that WR-ALC and ASD
differ significantly in their perceptions of whether
technical communication barriers exist between AFSC and

AFLC.
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Criterion: N. Communication between AFSC/AFLC and
other services (Navy, Army, etc.)

Total Fesponses Category Mean C-ore
Scale N Total Z. 38
——————————————— WR-ALC J.a3
L 12 AsD oL 2
Z 24 U-14 yrs S
3 21 15 or more yrs A
4 4 Grad Z.45
S 5 Under ol
Hypothesis Test Result:z
Category Critical Test Accepny
Statistic Statistic Kejyect
WK-ALC/ASD 2.65 0.58 Accept
U—-14/15 or more Z.65 U.z2 Accept
aGrad/Under 2.6 0.79 Accept
Percentage of respondznts

(oY)
(al

rcen
indicating the criterion has ''no effrect'': LU

The overall mean perceived barrier score for.this
criterion was 2.36 (moderately close to the "minor barrier”
point) . The nypothesis tests suggest that the three
demographic groups did not differ significantly in their

perceptions of this criterion.
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